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Micronuclei Biology

* Micronuclei are small nuclei produced during cell division by a lagging
chromosome fragment or entire chromosome

MN formation

o

* Micronuclei induction is a highly quantitative measurement of
chromosomal damage.

* Enables screening for indicators of genetic toxicity early in the development
of therapeutic candidate
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MetaXpress® Software Micronuclei
Application Module

Only requires one wavelength (nuclear stain)
Reduces sample preparation, image acquisition and analysis time
4 additional probes (Apoptosis, Necrosis + 2 custom)

Classification of multi-nucleated cells is highly accurate
Proprietary algorithm

Discriminate phenotypes based on Cell Morphology, number of nuclei,
Distance of Micronuclei from Nucleus, Micronuclei vs. “Blebs” or “buds”

Multiple measurement outputs

68 parameters per image
30 parameters per cell
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Scoring of Micronuclei

Micronuclei are morphologically identical to but smaller than
nuclei: between 1/16th and 1/3rd of the mean diameter of the
main nuclei

Micronuclei are not linked or connected to the main nuclei; they
may touch but not overlap the main nuclei and the micronuclear
boundary should be distinguishable from the nuclear boundary.

Application module allows setting up a min and max distance from main
nucleus

Micronuclei usually have the same staining intensity as the main
nuclei but occasionally staining may be more intense.
Application module allows to set-up an intensity threshold for Micronuclei
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1. Detect IViono- and Poly-nuclieated + Iviitotic

Cells

b Micronuclei

Muclear source image;  [Mone] Adaptive
Backgraund
[ Display result image: Caorrection
systern
Muclei Micronucle
Approsimate min width: |12 S| &pproximate min width: |1 = pm

Apprazimate max width: | 20 w| pm Approximate max width: |10 1 pm
Intersity above |ocal background: graplevels ntenzity above local backaground: 100 = | graylevels

Max distance of nucle in 3 = o .
Hm Min distance from main nucleus: (5 | pm

polynucleated cells:

Mitatic: cell min intensity: (1000 v | graylevels Max distance from main nuckeus: |10 | pm
Mitatic cell min coverage: B0 Al
E xclude border nuclei

[] Apoptatic-specific staining [optional] Rezultz legend

(5 Micronuclei

Mononucleated
] Meciatic-specific staining [optional)

Birucleated

[ Probe & (optional] Multinucleated

Mitatic
[JProbe B [optional)

E|EJE

Mecrotic
[ Configure Surmary Log... ] [ Configure Data Log [Cellz)... ] - B -

[Save Settings...] [LnadSetting&...] [Set to Default&] [ Apply H Cloze ]
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Module Settings

Muclear source image:  [Mone]
[] Dizplay result image:

Muclei
Approzimate min width: [T 3 [Ty
Approzimate max width; |20 = pm
ntenzity above local background: [4UU 3 graylevels
Maw distance of nuclei in 5.3 =
paolynucleated cells: | = »>| B
Mitatic cell min intemsity: | 1000 > | oraplevels
Mitatic cell min coverage: |50 A =

[] &poptatic-zpecific staining [optional)

[] Mecrotic-specific staining [optional
[] Probe & [optional)

[]Probe B [optional)

[ Configure Summary Log. X: 410 Y: 334
[Save Settings...] [Lu:uad Sety Length: 97 (1564 um)

Together through life sciences.

Nuclear stain

Set the Approximate min width
and Approximate max width for
the range of nuclei that you want
to detect

The width is the short axis of a
nucleus (in um)

The region tools can be used to
measure widths

Much smaller cells will be ignored
Much larger cells will be split
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Module Settings

Effects of varying width settings

Min width too small: splits nuclei

Min width too large: omits smaller nuclei

Max width too small: may shrink nuclear boundaries

Max width too large: may slightly enlarge nuclear boundaries
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Module Settings

Nuclear stain

_ The intensity above local
Muclear source image:  [Mane] . . .
Doy it background is used for finding the
nuclei
Muclei
Approsimate min widti 12 & um This value is @ minimum and should
—peroan e L B be set slightly lower than the
Intensity above local background: |400 = | graplevels I . . . .
ST R | difference in intensity between a
Mitatic cell min intersit:| 1000 2 graplevels dim CE” and its Iocal baCkground
itatic cell min coverage: |50 =%
] &pophatic-specific: staining (optional) DraW a Ilne acrOSS a Ce” IntO the
background and use Measure >
[ Necrotc-specific staining [optianal Linescan to determine intensity

values; or simply mouse over the
cell and the background and view
the intensity values

©
>
®
—
>
@®
—
Q

13.09
Distance (um)
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Module Settings

Max distance of nuclei in

sz PE polynucleated cells
[ Display result image:
| The maximum edge-to-edge
R — distance between nuclear
Approsimate max width: |20 S om structures that will be considered
oy shove bod Sarkarmung ;D: f ils part of one cell. Any nuclear
T T —” structures that are closer together
Mictic cel mh coverage50 ] % than the value specified are
[ papiatic-speciic staining [opera grouped and are considered to be
(] part of one cell.
[] Mecrotic-specific staining [optional]
[orel |
Probe & [optional
L] (optional] J
[] Probe B [optional Bi-nuclear
tore |
[ Configue Summary Log.. | [ Configurs Data Log [Cells Mononuclear
|Save Seftings...| [Load Settings...| | SettoDefauls | | 4pr
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Module Settings

Muclear source image;  [Mone]
[] Dizplay result image:
Muclei
Apprasimate min width: |12 = pm
Approzimate max width; (20 = pm
Intensity above local background: |400 = gravlevels
Max distance of nuclei in £.3 =
polynucleated cells: [ | HM
Mitatic cell min intensiy: | 1000 > | graplevels
Mitatic cell min coverage: |50 & =
[] &poptatic-zpecific staining [optional)
[] Mecrotic-specific: staining [optional)
[ Probe & [optional)
[]Probe B [optional)
[ Configure Summary Log... ] [ Configure Data Log [Cells
[Save Settings...] [Lnad SEttings...] [ Set to Defaults ] [ App

Together through life sciences.

Mitotic cell min intensity and Mitotic cell min
coverage

To be classified as mitotic, a cell in the
source image must meet the criteria that
you specify in both of these fields.

The minimum intensity is the intensity value
of the dimmest mitotic cell nucleus in the
field of view.

The minimum coverage is the amount of a
nucleus that has an intensity value equal to
or greater than the Mitotic cell min
intensity value that you specified. This helps
ensure that a cell that has a small bright
spot in its nucleus is not classified as
mitotic.
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2. Detect Micronuclei

Adaptive
Backgrawnd
Carection
systerm
Micronuclsi
Lipproximate min width; |1 > | pm
Approzimate max width: |10 = | pm
Intensity above local background: | 100 | oravlevels
Mirn distance fram main nucleus: (5 = prm
M ax distance from main nucleus: | 10 = | um
Exclude border nuclei

Fesults legend

g Micronuclei

Mononucleated

" Binucleated
. : Multinucleated
“ Mitatic

Mecrotic

alg]... [ KN

\pply ” Cloze ]

Together through life sciences.

Nuclear stain

Min distance from main nucleus and Max
distance from main nucleus

The minimum and maximum distances
that a micronucleus can be located from
the cell's nucleus or nuclei.

Any nuclear structures that are closer than
the minimum or farther than the
maximum specified distances to their main
nuclei are excluded from the analysis.

Molecular
UDevices

©2014 For research use only. Not for use in diagnostic procedures. Trademarks mentioned herein are property of Molecular Devices, LLC or their respective owners.



2. Detect Micronuclei

Adaptive
Backgrawnd
Carection
systerm
Micronuclsi
Lipproximate min width; |1 > | pm
Approximate max width: ]
Intensity above local background: graplevels
kir distance fram main nucleus: prm
M ax distance from main nucleus: | 10 = | um

Exclude border nuclei -|

Fezults legend

.y Micronuclei

% Mononucleated
" Binucleated

Multinucleated

“ Mitatic

Mecrotic

il

=

\pply ” Cloze ]

Together through life sciences.

Exclude border nuclei

Specifies that the application should
exclude from analysis any nuclei that touch

the edge of the image.
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Module Settings

Nuclear stain

L Micronuclei

Muclear source image:  [Mone] Adaptive . H
| | seckgraund Click on Preview to test
[ Display result image: Coveection
syesterm H
settings for the current
Muclei ticronuclei
Approximate min width; (12 = | pm CEmEinee fimn el &l i WaVe I e n gt h O n |y
Approximate max width: |20 < pm Approximate max width: (10 % | um
Itensity r:bl:u\-'e. local backgrou.n.d: 400 v | oravlevels Intensity above local backaground: (100 o | oravlevels YO u Ca n togg I e b etwee n th e
aw distatice of nuclei in 53 = - ]
polpnucleated cells: | > W | Hm Mir diztance fram main nucleus: (5 = pmn .
Mitatic cell min intensity:| 1000 v | gravlevels b ax distance from main nucleus: |10 | pm p rev I eW Ove r I ay a n d t h e
Mitotic cell min coverage: |50 el 4

E:-tcludeburdernuc:lei Sou rce image by CIiCking

|:| Apoptotic-specific ztaining [optional] Rezults legend

S the Show/Hide Overlay tool

[

[ Mecratic-specific staining [optional] -\: "?jl" Monernucieated i n th e SO U rce i m a ge
| " Binucleated Wi n d OW.

tultinucleated

E

[ Probe & [optional)

“ bitatic

Mecrotic
[ Configure Surmary Log... ] [ Configure Diata Log [Cellz)... ] - B -

[SaveSetting&...] [Load Setting&...] [SettoDefauIts] [ Apply ][ Cloze ]

[ Probe B [optional]

ElE|E
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Module Settings

* Results legend

} Micronuclei

Muclear source image:  [Mone] Adaptive

DDisplayresult image: gif{;iﬁ;:d N The ap-p||cat|0n mOdUIe
o super-imposes an overlay
. with these color

" Apprcsinete mek widthi 10 ] wm classifications on top of the

graplevels

Muclei ticronuclei

X
&

Approximate min width: pm Approximate min width: |1

[o]
=
»

Approximate max width:

4

Intensity above local backaround:

Vem dl Pl Intensity above local backaground: (100 o | oravlevels .
ax distance of nuclei in
polynucleated cells: B3 <) um Min distance from mait nucleus: |5 | um source ima ge .
Mitatic cell min intensity: 1000 graylevels tax distance from main nucleus: (10 | um

II

o

Mitotic cell min coverage: |50

Exrclude border nuclei [W]
|:| Apoptotic-specific ztaining [optional] Rezultz legend
¥5 Micronuclei
%- M ononucleated

[ Mecratic-specific staining [optional] -

" Binucleated

[ Prabe A [optianal) tultinucleated

,“. bitatic

[ Probe B [optional]

ElE|E

Mecrotic

il

[ Configure Surmary Log... ] [ Configure Diata Log [Cellz)... ]

[SaveSetting&...] [Load Setting&...] [SettoDefauIts] [ Apply ][ Cloze ]

Together through life sciences. Molecular
Devices

©2014 For research use only. Not for use in diagnostic procedures. Trademarks mentioned herein are property of Molecular Devices, LLC or their respective owners.






Detect 2 Bi-Nucleated cells and 5
. ‘associates the micronucleus
. ‘ to the closest 2 nuclel

@
Definition of the minimum

~ | b distance of nuclei in same cell

. './ Micro{ e ’ /

K .




3. Multiplex with additional probes

b Micronuclei

Muclear source image:  [Mone] Adaptive
Backgraund
[] Display result image: Correction
syshern
MHuclei Micronuclei
Approdimate min width: i Approsimate min width: |1
Approximate max width: pm Approsimate max width; _
Intensity r:hwj Itol:al ba::kgrolu.r'u.d: graplevels Intenzity above local background:
ax distance of nuclei in
polynucleated cells: pm Min distance from main nucleus:
Mitatic: cell min intensity: {1000 5| oraplevels Max distance from main nucleus: pm

4

Mitatic cell min cnverage:
[] &poptotic-specific staining [optional]

EE]

] Meciatic-specific staining [optional)

Freview

Micronuclei

Mohonucleated

Binucleated

Multinucleated

[ore
[ Probe & [optional]
[ere

Mitatic
[JPrabe B [optional)
Mecrotic
Configure Surmmary Log... Configure Data Log [Cellg)... - B -

Save Settings...] [LnadSetting&..] lSet to Default&] l Apply H Cloze ]
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Multiplexing with additional probes

* Necrotic and apoptotic cells should not be included among the viable cells

scored

Apoptatic-zpecific ztaining [optional]

Source image:; [Mone]

Minimum intersiby: |53':":”:' :l araplevels
Minimum coverage: s

Mecrotic-zpecific gtaining [optional]

Source image: [Mone]

M inimurn intensity: |EDDEIEI :| graylevels
Minimum coverage: od

Frobe & [optional]

Source image: [Mone]

kdirimum intenzity: [42000 graylevels

kinimum coverage: |80 %

Probe B [optional]

Source image: [Mone]
M irimurm intenzity; |44DEIEI | graylevels
Minimum coverage: 4

LIRS

4
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4. Configure output

e Configure Summary Log — select
site-by-site measurements

L Micronuclei

S e e Configure Data Log — select cell-
] Disl el image by-cell measurements
e — e Save Settings — save analysis
Aot it 12 5] poposinte min v parameters to database
Approximate max width: (20 | um Appraximate mas wii
Intensity r:bm-: Itoc:al bauf:kgrc;u.n.d: 400 2 graplevels e el el be i [ J Loa d Settl ngs —_ I (oF:) d save d
aH I;?S;ZQECCEME B3 % pm Min distance from main nucle H
Miml?i:ce” minintensity: | 1000 2| graylevels Max distance from main nucle and Iys IS pa ram ete rs
bitatic: cell min coverage: 50 | % Exclude border nuclei ® SEt tO DEfa u ItS - re StO re d Efa U It
[ &poptatic-specific staining [optional] H
analysis parameters
[I Mecratic-specific staining [optional] o Te St Ru n - teSt a I I Setti n gs
Mo together and display cell-by-cell
[ Probe & [optional) . o
results for this site
[ Probe B [optional]
Mere
l Configure Surimary Log... ] l Configure Data Log [Cellg)... ]
lSave Setting&..] lLoad Setting&...] l Set to Defaults ] l Apply ] [ Cloze
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Wide range of outputs

68 measurement per image, 30 measurement per cell

Healthy cells (one and 2 nuclei), Interphase, Mitotic,
Mono/bi/multi-nucleated, Apoptotic, Necrotic, other
additional probes

Sub-classification for Micronuclei for all cell classes: e.g.
Mono-nucleated cells with one micronucleus vs. Mono-
nucleated cells with multiple micronuclei

Area and intensities for all probes

Cell Division parameters: Nuclear division index, Dual/Mono-
nucleated ratio, Multi/Mono-nucleated cells,
(Multi+Dual)/Mono-nucleated

Etc.

Together through life sciences. Q Molecular
- ; ; ; U Devices

©2014 For research use only. Not for use in diagnostic procedures. Trademarks mentioned herein are property of Molecular Devices, LLC or their respective owners



Summary Data

Total Micronuclei

Total number of micronuclei for interphase cells

Micro-nucleated Cells

Total number of interphase cells with micronuclei

Cells with ane micronucleus

Total number of interphase cells with one micronucleus

Cells with multi micronuclei

Total number of interphase cells with multi micronuclei

Micro and Mono-nucleated Cells

Total number of mono-nucleated cells with one ar more micronuclei

Micro and Bi-nucleated Cells

Total number of bi-nucleated cells with one or more micronuclei

Micro and Multi-nucleated Cells

Total number of multi-nucleated cells with one or more micronuclei

Micra and Probed-positive Cells

Total number of Prohef-paositive cells with ane ar mare micranuclei

Micro and ProbeB-positive Cells

Micro and ProheaB-positive Cells

Total number of ProbeB-positive cells with one or more micronuclei ;

Total number of ProbeAB-positive cells with ane ar maore micronuclei

% Healthy Cells

Healthy cells divided by total cells ;

% Mono-nucleated Cells

Mono-nucleated cells divided by total cells

% Bi-nucleated Cells

% multi-nucleated Cells

multi-nucleated cells divided by total cells

% Micro-nucleated Cells

Micro-nucleated cells divided by total cells

% Cells with one micronucleus

Bi-nucleated cells divided by total cells g

Micro-nucleated cells with one micronucleus divided hy total cells

% Cells with multi micronuclei

Micro-nucleated cells with multi micronuclei divided by total cells

'M---t---‘w____’_‘ St "\__*.*-__J il Fr 7 .

68 total parameters for summary data of the well
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Cellular Data

T T =T =T =T

—

Cell: Mecratic if necratic, O if not

—

Cell: Mononucleated if mononucleated, 0 if not

—

Cell: Binucleated if hinucleated, 0 if not

<
{
Cell: Multinucleated 1 if multinucleated {maore than 2 nuclei), 0 if not .“
Cell: Prohes Positive 1 if Probes positive, 0 if not ,
Cell: ProheB Fositive 1 if FrobeB positive, 0 if not
Cell: Mumber of Micronuclei Murmber of micronuclel in this cell i
Cell: DA Area Area (in calibrated units of measure) identified as nuclear or micronuclear )
Cell: DA Intearated Intensity Intearated intensity over all pikels identified as nuclear or micronuclear (
Cell: DMA Average Intensity Intearated intensity over all pixels identified as nuclear or micronuclear divided by nus.
corresponding pixels /
Cell: Muclear Area Area (in calibrated units of measure) identified as main nuclear {ncludes hi- and r?
Cell: Muclear Integrated Intensity Integrated intensity over all pixels identified as main nuclear )
Cell: Muclear Average Intensity Integrated intensity over all pixels identified as main nuclear divided by number nfc?h
-._.-QE”; Apnﬂtitlc Integ_r_a‘tlayﬁegit‘y’,u S m_ﬁlptngt_ei m.TEWN er Al ‘Qj}{‘?wm&dﬁm Q!D-E*UHEW“WE!I

30 parameters for individual cellular data
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